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CONFIDENTIAL 
BIVISION 8 

NATIONAL DEFENSE RESEARCH COMMITTEE 
of the 

OFFICE OF SCIENTIFIC RESEARCH AMD DEVELOP'/iENT 

THE PREPARATION AND PROPERTIES OF RDX-CO.*iPOSlTIQN A 

Explosives Research Ltiborttory 

OSR^ Report Mo. 5^26 
Copy No^» -£~~ 
Date: December 29» 194-5 

Service Projects: NO-290, OD-Ol 

Endorsement from Dr. Ralph Connor, Chiof, Division 8 to Dr. Irvin Stewart, 
Executive Secretary of the Rational Defence Research Committee.  For- 
warding report and noting: 

"One of the first problems studied at the Explosives Research 
Laboratory (in Juno 1941) was that of finding a suitable substitute 
for the beeswax used by the British in their RDX/Wax Semi-plastic 
Explosive.  The results achieved in this study up to Februar;- 1942 
are contained in two earlier reports, 05RD-31/? and 397.  By that 
time, the specific objective of finding a suitable: wax or Vvaxcs to 
be used in the j-ame /fay  the British used beeewas had been attained. 
The present report deals with the etudy of various physical proper- 
ties of Composition A, and with work on a number of problems which 
arose in the course of putting this .material Into production and 
service use. 

During the original investigation it MM realized that a good 
dortensitizer for UDX should pmbably have physical properties 
similar to fcheee oi' beeswax or petroleum waxes.  However, the be- 
lief was held that the deeeneitiaing effectiveness of waxes might 
be highly specific,1 that is, some waxes might be good desensitizors, 
While others which did not differ froui them in any major way might 
be poor.  The point of view held, by the.  authors of the present 
report is that any petroleun ?:ax having a hardness Within a fairly 
broad range Will ba an effective deaenuitiaer«  Consequently tho 
choice of a wax for use in making Composition i-. should be based on 
considerations of supply, melting point, exudation, and, of courne, 
consistency.  It still remains true, as jnu pointed out in the 
firet report, that most neutral pL-troi^um waxo:.- are not taken up 
vvoll by RDX from a hot water slurry, and consor ucntly it la nueas- 
sary to add to the woe some materv.l having polar groups.  Tb<. 
first material reooaaondod for thi? purpor.3, Alox 600, remains a 
good choice, but it has boon found that 1/8, rather than the 10? 
previously suggested, i3 adequate«  Cutting down the amount of 
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Alox is an advantage, as it helps to reduce exudation from thu 
Composition A during hot storage, und it aiso makes the explo- 
sive less likely to stick to tools and dies who« it is pressed. 

Anyone interested in ih<; problem of writing bpecifications 
for truceo should also consult OüRD-5633 which deals with thu 
problem of evaluating waxes for w.iv  as desensitizes in various 
compositions, including Composition A." 

'%■:   '■- 

This is a progress report under Contract OEfclsr-202 with the Carnegie 
Institute of Technology. 

This document contains information affecting the national defense of 
the United Status within the meaning of the Espionage Act, ü.ö.C. 50; 
31 and 32.  Its transmission or tho ravelatior» of its contents in 
any manner to an unauthorized person is prohibited by law.. 
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This report reviews the studies of Composition A made in 
this laboratory since February 15, 1942; previous work has 
been reported in OSRD Reports No. 313 and 397a Preparation 
of Composition A is first discussed. Of the possible methods 
of coating RDX with wax, the slurry method is deemed best, but 
to most neutral petroleum waxes wetting agents like Alox 600 
must be added to secure good coating of the crystals from water. 
Roll-milling of the wet product produces a material which is 
plastic when heated above the melting-point of the wax, but 
does not improve the desensitizing action of the wax if coating 
of the crystals has been good.  This hot plasticity is not 
required in American loading practice, and moreover, the tray- 
dried unrolled product (Composition A-3) has a desirable 
granulation without any special graining process. 

Next, a thorough small-scale study of the pelleting properties 
of Composition A is presented. It is shown that the pellet- 
density may be represented basically as a function of the wax 

- 1 - CONFIDENTIAL 



CONFIDENTIAL 

hardness (measured by the A3TM Penetration Test) and the 
pressure« Effects of pellet diameter, pellet length, pressing 
time» and even of complicated increment pressing schedules may 
be interpreted in terms of the basic pressure-penetration-density 
relations« V/ith Composition A-3 rather similar results are 
obtained« The Explosive properties of Composition A are next 
discussed. It is first shown that among the petroleum waxes 
which are suitable for use in this product, from the standpoint 
pelleting properties, each seems to be equivalent as a 
desensitizer, if well applied as a coating.Composition A, because - 
of its constitution and mechanical properties, is not easy to 
compare, in sensitivity, with pure-compound explosive materiab. 
Moat drop-weight tests show it to be more sensitive than TNT, 
while the Bullet-Impact and Booster Sensitivity Tests show it to 
be less sensitive^han TNT (in the same physical form, of course)« 
Considered generally, sriall scale tests place Composition A -ea- 
tho- oensltiv-ity- soale äs clearly less sensitive than Tetryl 
and more sensitive than Ammonium Picrate-probably in the same 
class as TNT (pressed). Small-scale tests of performance, on 
the other hand, show that this material appears to outperform 
not only TNT but also Tetryl in every respect which has ■ been 
investigated. 

The chemical stability of Composition A's made with neutral 
petroleum waxas appears to be essentially as high as that of RDX 
itself; certain synthetic waxes, however, give rather unstable 
products. The loss of wax in high-temperature storage (6ooc,) 
depends upon the wax used, and among waxes having melting points 
between 160 and 175°F. may range from 0.4% to 15% of the wax 
in five weeks. Finally, such variants of Composition A as 
Aluminized Composition A, 12% Composition A, and Composition A* 
KNO3 mixtures are briefly discussed or referred to. 

• 1 CONFIDENTIAL 
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Report 

1. Introduction 

In OSRD Report No. 313» work at this laboratory direoted toward 
discovery of a substitute for beeswax for the phlegmatization of 
RDX has been reviewed up to Dec. 30, 1941.  OSRD Report No. 397 
completed the description of this work through February 15, 1942« 
Of the ten waxes suggested in these reports, one was selected 
for use in RDX Compositions A and B, and has so been used 
throughout the war. With this adoption of 90/10 Aristowax 160- 
65- Alox 600, which, since it was the tenth wax listed, has 
been called "Bruceton Wax No. 10M, one phase of our work with 
Composition A came to a close. Pilot operations were begun at 
the Eastern Laboratory of the duPont Co., and finally full- 
scale production began at the Vabash River Ordnance Yorks. 
Thus, after about the summer of 1942, problems concerning 
Composition A have come to us more or less as a few direct 
requests.  In this way we were requested to study the first     * 
samples of unrolled Composition A (Comp. A-3) from the duPont Co., 
to evaluate certain waxes as possible substitutes for Aristowax 
160-65, to suggest possible substitutes for Alox-60°, or to seek 
waxes whose use in Composition A would further reduce exudation. 
The basic reason why so few problems concerning Composition A 
have emerged lies, to be sure, in the fact that this explosive 
has not been used by the services until this year, when it has 
been loaded by the U.S. Navy in the 5"-38 A.A. Shell; this 
development came, however, too late for the clear-cut definition 
of, or a completed laboratory attack upon real problems 
developed in use. 

Nevertheless, during the period since February 1942 a good deal 
of work has been done with Composition A in this laboratory, 
partly on request, and partly simply in the course of general 
investigations of desensitization and properties of explosives; 
This work, coupled with the growth of experience at the E.R.L., 
has gradually produced so many chasges in our point of view that 
the underlying tone of the two early reports is now no longer, 
fairly representative of our beliefs, though the facts presented 
are generally true, and the wax which was chosen from the 
recommended list in O.S.R.D. No. 313 has proved most satisfactory 
(except for changes in the properties of the Aristowax in 
production over a period of time, a matter which could scarcely 
have been forseen, and which has had no demonstrable ill effects 
in any case). Accordingly we shall in this report summarize 
the work done with Composition A at EfR.L.  since February 15, 
1942, and stress changes in opinions and points of view which 
have arisen during that period. 
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2« Studies of the Preparation of Composition A. 

(1) Application of Wax to RDX 

It has been generally accepted that the most satisfactory method 
of incorporating the wax with the RDX is by the addition of 
molten wax to a well-agitated water slurry of RDX, hald above the 
melting-point of the wax. In the laboratory, with batches vary- 
ing from 50g. up to 10 Ua&.., we have slowly added molten wax to 
a rapidly stirred slurry of RDX in water (1:3, RDX: ,f'ater) at 
about 90°C. When a wax suited to this process is employed, the 
RDX crystals are completely coated with wax after 5-6 minutes o? 
stirring and have agglomerated to small round grains which, when 
stirring is stopped, settle rapidly to the bottom of tho Icettlo, 
The slurry of grains may then either be allowed to cool with stirr- 
ing, or, if the batch is large, be cooled rapidly by the addition 
of cold water to the kettle. "Tien cool, most of the water may 
be decanted, and the residue removed on a filter* Commercial 
practise generally does not deviate in principle from this 
procedure, "ve have made numerous laboratory studies of the exact 
conditions which give a well-coated granular product of suitable 
grist, but such procedures are not necessarily applicable to 
large-scale production, so need not be detailed here. If too 
little water is used, tho product does not ball up well to 
suitable grains; too much water, inadequate stirring, too high 
a viscosity of the molten wax, and too low an oiling temperature 
slow down the rate at which RDX crystals are coated. 

a. Coating Properties of Waxes 

Although beeswax is suited to the process outlined above, 
neutral petroleum-base waxes in general are not, although 
some highly colored and impure amorphous waxes do appear capable 
of wetting RDX from water in this manner. On the other hand, most 
neutral petroleum-base waxes are taken up by RDX in such a slurry- 
mixing, and do not remain floating on the water layer when 
agitation has stopped,  .'hen such waxes are colorless, it is hard 
to be sure, on casual inspection, that the RDX has not been coated 
(though the uncoated product never grains, but remains fine). 
The ultraviolet examination technique developed at Picatinny 
Arsenali/permits an easy differentiation between RDX samples which 
simply contain wax, and samples which have been well coated* 
Plate 1 shows photomicrographs at 4.6 x of samples of RDX, of 
RDX ^ 36>9 Aristowax, and of RDX / 9fr Aristowax-Alox (Bruceton '"ax 
No. 10) viewed in ultraviolet fluorescent light, and in white 
light. Lach waxed sample was made by the slurry method, and 
In each case the wax v»as apparently taken up by tht. slurry. 
The difference between the coarse grains of the coated RDX and the 
fine, uncoatjd materiel is, of course, apparent, but the 

i/ Technical Report, Picatinny Arsenal, Serial No, 1487, 
January 17, 1945.  "Desensitization of High Explosives by Waxes'* 
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Fluorescent Light 

*— Same field 

RDX 

•«— Same field- 

KDX plus 9jt Arlstowax 

■Same' field-» 

RDX plus 9# Aristowax-Alox (Bruoeton Jax No. 10) 

Plate 1 

Magnification: 4.6x 
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photographs in fluorescent light reveal clearly that the wax 
in the uncoated sample is actually present only in a few 
globules, while the sample made with Alox is uniformly coated. 
Now if the filtered product is to be subjected to a series of 
roll-millings, (Composition A) failure to coat completely might 
not bo objectionable, but if the product is to be tray-dried 
and used directly (Composition A-3), failure to coat the RDX 
well will give very sensitive products. The three samples shown 
in Plate 1  gave, for example, when tested as a group on the 
Type 12 Impact Machine,!/ the following 50% points in centimeters: 

Sample 

RDX 
Comp. A-3, no Alox 
Comp. A-3, with Alox 

50% Poinl 'cm,), Type 12 

15 
31 
72 

Bullet tests, using samples pressed to a density of 1.0 in 1" 
pipe-nipples, and Cal. 0.30, Ball, M2 Ammunition, gave high- 
order detonations in each of tun trials with a Composition A-3 
made without Alox, while, 59 samples of well-coated Composition A-3 
have each been inert under the same test condiiions.-t/ M  It is 
certain that the suggested waxes numbered 7 and 9 in 0SRD Report 
No. 313 do not coat RDX from water, and it is probable that the 
waxes numbered 1 and 3 do not coat well. 

2/ O.S.R.D. Report No. 5744 

y  O.S.R.D. No, 5745. 

y  Picatinny Arsenal Technical Reports 1489 and 1499 present 
similar and more detailed correlations between wax coverage 
and sensitivity for PJSTN-wax systems. 
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It now seems clear that most petroleum-base waxes form in water 
an interfaclal contact angle on RDX crystal surfaces which is 
finite; accordingly RDX particles adhere to wax globules and re- 
tain them in the slurry. The RDX is neither capable of acting as 
an efficient powder-emulsifier for wax in water nor is it, on 
the other hand, completely wet and coated by wax* To assure the 
latter behavior, which is shown by beeswax (and certain 
petroleum waxes which presumably contain polar impurities 
adequate as wetting agents), it is generally required that a 
wetting-agent be added to the wax to make the wax-water contact 
angle on RDX zero. For this purpose the catalytically oxidized 
petroleum product called Alox 600 (Alox Corporation, Niagara 
Palls, N.Y.) was suggested in OSRD Report No. 313 (19U.), and was 
adoptod(as an ingredient of "Vax ^10). This additive has boon 
satisfactory, in the main, but has presented two unrelated 
difficulties. Alox samples generally contain small quantities 
of resinous material insoluble in molten wax, in amounts which vary 
somewhat from sample to sample. This dark material is sticky 
and possibly troublesome in production; it moreover appears as 
dark flocks in the product, which perhaps tend to spoil its 
appearance. No real harmful effects have ever been identified 
with this resin. It has been more recently observed that the 
reoommendod concentration (10#) of Alox 600 in the ,7AX j-10  is 
considerably more than is needed to ensure good coating, and that 
the Alox tends to increase stickiness and wax exudation»  It is 
recommended that a reduction of the Alox 600 content from 10 to 
1% be made, to reduce exudation and stickiness. 

Since 'Vax ,jfrl0 was also approved for use in Composition B, 
considerable quantities of Alox 600 were used during the war, and 
at one time requests were received to make recommendations for 
a substitute for Alox 600. Several materials, including 
Stearic Acid, cetyl alcohol, and anhydrous lanolin were tried. 
Of these it was felt that lanolin most nearly resembled Alox in 
its effects.  Stearic Acid hardened the base wax considerably, 
and tended to make the product discolor in contact with brass. 
Cetyl alcohol increased the exudation more than Alox 600. 
It was not actually necessary to employ any substitute for Alox 
600. O.S.R.D. Report No. 313, p.6, lists a large number of .other 
additives which have been tried, especially with paraffin.!/ 

£/ Picatinny Arsenal Technical Report 1533 presents information 
concerning a somewhat different application of wetting agents 
in PETN-wax systems to secure uniform coatings and uniform 
particle sizes in final products. 
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b. The affects of Wax Viscosity 

A few waxes have been triad In Composition A which, despite the 
addition of 10#> Alox 600, failed to give good coating from water 
except with unusually vigorous stirring and at unusually high 
temperatures. Two such waxes were B-square "«rax and the tank- 
bottom wax Super Gem Amber. It is believed that these amorphous 
waxes had too high a viscosity at the oiling temperature and 
were, accordingly, being prevented from spreading by purely 
mechanical means. The following visoosities were determined at 
210°F with the Brookfield Viscometar: 

Wax 

Super Gem Amber 
B-Square "Vax 
Superla 'fax, Yellow 
Stanolind, 170/75 
Aristowax, 160/65 
Stanolind, 160/65 
50° Paraffin 

Viscosity (centipolsea) 

16.0 
12.3 
10.4 
8.5 
7.4 
6.2 
4.3 

It is known that Stanolind 170/75 wax oils well at reasonable 
temperatures, and that Superla 7ax Yellow is fairly satisfactory; 
accordingly, it seems wise to use waxes whose viscosity is below 
about 9 centipoises, or below about 60 Saybolt Universal Seconds 
at 210°F.£/ An allied difficulty has been encountered in 
attempting to prepare samples of waxed RDX containing 5# of wax. 
Under these circumstances, the wax does not seem to spread evenly 
in a thin coat over all the RDX. By adding not the molten wax, 
but a hot solution of wax in CC1,, a smooth coating can be obtained, 
•the solvent being evaporated off. '"hen too fine an RDX, such 
as the through 325 cut of a production RDX is used to make a 
regular Composition A, a similar difficulty is encountered, 
which also seems to be a mechanical one, rather than the result 
of the surface's being too great to be covered by the 
available wax (in this case the amount of wetting agent adequate 
for normal grist RDX may have become inadequate, however). 

6/ It seems to us that the upper limit, 75 Saybolt Universal 
Seconds, allowed by Picatinny Arsenal Tentative Specification 
PXS-1127 is higher t ian desireable. 

• r - 
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0. Other Methods of Coating 

In early laboratory studies of wax desensitization*, certain 
waxes which could not be applied without additives from water, 
such as paraf-in, were distributed mechanically over the RDX 
surface by dissolving the wax in CCl^, mixing the solution with 
dry RDX; and evaporating off the solvent as the sample was 
stirred-Judged by sensitivity tests, fair coatings were thus 
obtained, but the method seems not to r suited to larg&ecale 
procedurej and can in any case be easily avoided by addition 
of wetting agents. Various methods of coating PETN with 
wax have been studied at Picatinny Ar senal.Z/ Coprecipitation of 
PETN and wax from acetone by water addition, and co-crystalli- 
zation of PETN and wax from ethyl alcohol, as well as coating 
in water slurry were tried. The latter method gave by far the 
best coatings. 

(2) Rolling 

a. The Effect of Rolling on Sensitivity 

Early in the course of study of Composition A in these 
laboratories, it was believed that roll-milling of the wet 
waxed product was required to give the full desensitizing effect 
of added wax.  Before differential rolls had been obtained, 
mechanical mortars were used to wet-grind waxed samples- At this 
time sensitivity tests were made with the Type 4 Impact Machine, 
and the ratios of the measured 50$ points for the waxed sample 
and for RDX were quoted as "desensitization ratios". "1th this 
mortar-griding technique and this Impact Machine effects of 
milling on the desensitization ratio were studied. Results 
such as these are typical: One hour's wet milling of a beeswax 
coated sample raised the desensitization ratio from 1.9 to 2.8; 
milling (of unspecified duration) increased the desensitization 
ratio of a paraffin-stearic acid coated sample from 2.7 to 7.6. 
Results of this sort temporarily convinced workers that somekind 
of milling was required for good desensitization. When 
differential rolls were obtained the f■.. 'lowing milling series 
was studied; rolling of the Beeswax-Coated RDX was at 0.005" 
roll separation, with unsprung rolls (i.e. infinite spring force). 

Number of Passes 

1 
5 
7 
9 

11 

50fr> Pt. (cm): Type 4. 

65 
95 
74 

108 
0# at 115 cm. 

2/  Picatinny Arsenal Technical Report 1489. 

8/ See O.S.R.D. Report No. 5744» 
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These results appeared to confirm the earlier ones. In December 
of 1942 a sample of grained Composition A and of Composition A-3 
(unrolled), made by the duPont Co. from Bruceton 1,rax No. 10, 
were received for comparison. At this time the Type 4 machine 
had been abandoned as too irreproducible, so the samples were 
tested on the Type 7 machine (See footnote8), giving the following 
results: 

Explosive 

Composition A 
Composition A-3 (unrolled) 
TNT (average of 10 trials) 

5QJ Point (om); Type 7 

151 
150 
153 

Bullet tests of these two materials hand-tamped in 1" pipe- 
nipples, tested with Cal. 0.30, Ball, M2 ammunition also revealed 
no sensitivity difference. Accordingly a new milling series 
was made, using sprung rolls at 0.020" roll separation and 460 ÄJ. 
spring-force (which was then current laboratory practice), and 
also unsprung rolls and a 0.005" roll separation, as was used in 
the earlier series.  The following results were obtained. 

Passes Roll Separation Spring-Force 50^ Point(cm)Type 7 

None 
2 
8 
2 
8 

0.020" 
0.020" 
0.005" 
0.005:' 

460 lb. 
460 lb. 

110 
117 
115 
86 
95 

Four bullet-tests under the conditions already mentioned were 
made on each sample, and no detonations were obtained. Taken 
at face value, these results suggest that the unrolled material 
was well covered, and its sensitivity was not affooted by 
milling" with sprung rolls at a rather wide separation, but that 
milling with close, unsprung rolls actually fractured coated 
crystals, and only by repeated passes was the coating re- 
established. To test this notion, a well coated sample was milled 
one pass through unsprung rolls at 0.001" separation and tested 
at density 1.0 in the Cal. 0.30, Ball, M2 bullet test, using 
1" pipe nipples.  Results were; 

■Explosive No. Triala Percent Inert 

Comp. A-3 (unrolled)      59 
Comp.A-rolled one pass     5 

100$ 
8C# 

-9 - CONFIDENTIAL 
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Few trials were made with this violently rolled material, 
but it seems tc be more sensitive than the unrolled product. 
Since this time, rolled and unrolled samples have been 
compered on several occasions with the Type 12 Impact 
Machine (See reference 8); no difference has been deteoted. 
The early results seem, therefore, to have been misleading 
for reasons which cannot be reconstructed in detail. It is 
possible that in early small scale preparations, made with 
hand stirring the coatings of wax were not very good, and 
that with these samples (as with any badly coated ones) the 
mechanical effects of rolling or grinding of suitable 
violence were helpful. The early milling series did not 
include a test of the unmilled product, so that perhaps it 
reveals only the effects of re-covering, by milling, of 
surfaces exposed by the first pass through the rolls. In * 
any case, no evidence now exists to assert that a well* 
rolled and a well-coated unrolled Composition A display 
different sensitivities. On the other hand, it is certain 
that a poorly coated unrolled material will be unduly 
sensitive, and it is probable that a few passes of a well- 
coated material through close, unsprung rolls will increase 
rather than decrease its sensitivity. 

b. The Effects of Rolling on the Plastic Properties of 
Composition A. 

If Composition A and A-3 are equivalent, in sensitivity, the 
former displays markedly superior plastic properties when 
warmed above the melting point of the wax. This difference 
is the result of the favorable particle size distribution 
of the RDX produced by roll-milling, and is a difference 
which is of great importance when Composition A is to be 
loaded as a semiplastic by hot stemming, which is British 
loading practise with this material, but which has never 
been seriously contemplated in this country. This effect of 
rolling became apparent to us only when our first sample of 
British product was received early in 1942. At this time 
also a few of the details of British rolling practise were 
received, and ovor a series of months we investigated rolling 
procedures in an attempt, to match the plastic properties of 
the British product, "hen the warmed British material was 
pressed into thin plates and cooled, these plates were 
characterized by considerable hardness; such plates break with 
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a sharp snap, and when viewed under the microscope are found 
to be well consolidated and close grained. Wc w»re easily 
able to avoid thö dry powdery products produced in early 
rollings, but the best samples crumbled rather than 
snapped, ana were always found under the microscope to be 
of rather open grain. Finally, in December of 1942 the first 
Composition A sanples from the larger rolls at the üastern 
Laboratory of th~ duPont Co. w^re obtained; these seemed 
comparable in hot plasticity and cold hardness to tha 
British samples.  Shortly thereafter it appeared that the 
rolled product would not find use in this country, so further 
attempts to discover the correct conditions for small-scale 
milling were abandoned. 

Nevertheless, there are conditions under which a good rolled 
product is very useful. One of these is in the production 
of the British pourable RDX-"'/ax Aluminum mixture, which is 
prepared by the addition of extra wax and aluminum, plus 
lecithin, to a rollod Composition A. "ith a total of 12fr 
wax, such a mixture can be poured, but with unrolled 
Composition A one needs almost 20c/» of wax. 

(3) Drying 

British products and Composition A and A-2 as specified in 
this country were dri^d in a jacketed kettle equipped with 
an anchor-stirrer. In the laboratory w», used a steam 
heated Banbury mix~r, capable of drying a two-pound batch. 
These procedures produce coarse, lumpy products, hard when 
the material has be^n rolled, and more friable when it is un- 
rolled or poorly rolled. Composition A-3 is tray-dried in a 
current of warm air at 150-160°F. In the laboratory we have 
dried this material in a forced-draft oven at 150°F.  The 
maximum water content permitted by U.S. Army Ordnance Dcpt. 
Tentative Specification AXS-768 (Ref. 2), Feb. 7, 1945, is 
0.1%. No particular investigation of the drying process has 
been made in this laboratory. 

(4) Graining 

At ono tim* small-scale processes for <. raining the coarse lumps 
of Composition A in the differential rolls wer« studied and 
employed in the laboratory to produce products suited to 
pelleting. Procedures for glazing with graphite in a 
tumbling barrel were likewise used. These have become 
generally of no interest, since the Composition A-3 is direotly 
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obtained in a form suitable for pelleting, and graphite 
coetinga, if desired, may be obtained directly by adding 
graphite, wet with water, to the slurry after the granule» 
of Composition A-3 have formed; continued stirring coats the 
granules with graphite. 
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3. Stir las of the Pressing Charaoteristic of Composition A 

When it became obvious that Composition A loading by the British 
hot-stemming method would not be acceptable i.. this country, it 
was felt tiiat a thorough s.*„ll-scale study of the pressing 
characteristics of Coaposition ♦. shoulc be undartahen. It was hoped 
that Such a study might at once serve as a guide in choosing waxes 
w Ich would produce products suited to any specific loading con- 
ditions, and constitute en aid in designing io.. ding equipment und 
procedures for any specific Composition ... .-hen tnis worK was 
completed l.i tue suui^er of 19^2, no one seeded interested in load- 
ing" Composition *.,  so the results iusve never j-een reported in a 
formal Progress üeportj acoojdingly they will be presented now. 

(1) The Variables: their Leasurement or Control 

a Internal Variables (Those Fixed for a S-eoific Compos- 
ition TTT 

(a) T.'ax Content 

All the s iiples of Composition A made in this 
laboratory were prepared with 9:'i wax by weight, end no attempt 
was made to vary this amount, althou ,h the sar.ple of British 
material, which has also b~en studied, has been found to contain 
9.40<J wax. 

lb) Wax Density 

The densities of the various waxes used in this 
work were found to be sufficiently different to influence the 
measured results; accordingly the densities of all pressed charges 
have been coiirectad to the densities which would have been measured 
had the wax possessed the density of Bruce ton ::ax .."o. 10. This 
correction is large only in the case of saaples made with beeswex, 
but is appreciable in oth.-r cases also.  .ithin the density range 
of interest, this adjustment may be simply nods by adding a correct- 
ion to the measured density. The following Table gives the T./ax 
densities and additive corrections for the waxes studied: 

wax jensity Correction 

1. 
2. 
3. 

4. 

5. 

äuparla ..ax, Yellow 
Yellow African Beeswax 
Bruceton wax i<o. 10 
(90^ .^ristowax I0O-65, 
10f,i .J.os 600) 

90 Petrocene C, 
io<i .aox 600 

95''■>  Gulf Petrowax .., 
5«o ...lo.: 600 

cf/s 
0.958 

9C3C6 

0.929 

0.933 

0.917 

-0.002 
-0.008 

0.000 

-0.001 

♦0.003 
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to) Size Distribution of the Rjg. 

^.11 samples made i.; this laboratory ware prepared 
fron RDu>l h viiig the same initial size distribution, and all were 
passed six tines through a differential roll-nill at roll-separ- 
ation 0.020-; accordingly it is hoped that this f.ctor has been 
held constant. The British sample, however, has definitely a-finer 
grist. 

Id) Grain 3ize of the drained Composition .'. 

Both the British and our own samples we^e grained 
by the sane prooedure; furthermore control experiments h ve shown 
that the density of tii3 pressed pellets is not very uuch altered 
even by large changes in" the grist of the materiel pressed. 

(e) Consistency of the Grained Composition . 

drains of the British luiterial were considerably 
harder and more compact than tnose of our products; the effects of 
t:iis difference will be mentioned later. ..mong our own products, 
however, the consistency appeared to be a property which was 
independent of the specific wax used. 

b External Variables (Those fflxed for a 3peoifio Pressing) 

(a) Pressure 

The oil-pi assure in the press was measured with an 
ordinary Bourdon pressure gage, calibrated against dead-weight 
pressure i.. a comparison apparatus. The pressure on the explosive 
was calculated in the usual way, tha force ieqiired to float tne 
plunger of the prass being subtracted. It is felt that the uax- 
imum errors i.i the pressure vere ..bout + 2C^. 

(b) temperature 

The molds were wrapped with heating elements, 
powered by a Varitrans, end the temperature of the mold was neas- 
ured with a thernocoupla deeply imbedded in the wall of the mold. 
In general, tha explosive v.as loaded into tha mold, pressed down 
firmly by hand, and then the mold was slowly brought up to tem- 
perature (in ..bout 10 minutes), held there for ".bout three minutes, 
and than the pressure was applied. 

(c) 3hape and Size of Charge 

Most of our systematic work has been done with 
ten-gram pallets in a one-inch c„ liudriccl ...old. Variations in 
diameter and lengta of cylindrical charges, c.nd variations to non- 
oylindrical shapes huve been studied as well. 
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(d) Pressing Schedule 

The effects of time of pressing, and of pressing 
in several increments h VJ been studied. 

^le) Others 

The effects of tightness of the plungers and of the exist- 
ence of paths of egress .7or entrapped air h.ve been studied. 

c ♦■». mixed Variable (The ax Consistency) 

It has proved useful to express the consistency of the wax 
in torus of tue .-..sTI. penetration test, Designation D5-25> employ- 
ing e steel needle loaäod \itn a 200 g. wei&nt, and a time interval 
Of 5 seconds. The results are expressed here in tenths of a milli- 
meter penetration, end <\re design tod by J  (pressure vail be 
designated p). This v^ricble is fixed for ^ given Composition ;fc 
only at constant tamperatur-. figure 1 ;ivo the penetrations of 
four waxes chosen for study as functions of the temperature. It 
has eisen,  shown experimentally th:-.t two Composition A'S nado with 
different waxes give the s:mo densities when pressed at the sane 
pressures, provided the pressing temperatures are such that their 
penetrations are equ. 1 (at temperetures low enough so the vaxes ^re 
not molten, of course). ..ccordingly, the identity of the wax and 'he 
tempert ture maybe comoine, and expressed as one variaJ5l^;tha penetration";a device 
which is often useful and. le-ds to gr~at simplification of the 
results. The value of P, taen depends both on the identity of the# 
Composition «. sample nd on the temperature employed in any specific 
pressing. 

( 2) Preliminary Pressure—Density Isotherms 

The curves of Figures 2-1» present the preliminary pressing 
data, obtained on ten-.^r-j-m samples, pressed at various temperatures 
and pressures in a one-inch mold. The pallets generally were very 
smooth and regular w.ien pushed from the mold, so th.:t they could be 
measured very easily with 0 uicrometer caliper; the diameters were 
very constant, enc1 though th^re was some variation in the height of 
the pellet, it was enerally sufficient to measure the weight et the 
eontor and at four spots a-ar the edges, and use the average height. 
Pellets were weighed on -.:.\  analytical ,alance, end the densities 
poj.puted directly. 

a The affect of halti.y; of the »ax 

Ond of the firiit striking, features of these curves is 
de.:.onstr jted oj z..^  75° curve of j'ij^uro 2,  t. e only curv« taken 
above the malting point or the wax. Tu« slope ox' t*iis curve at low 
prwssures is much s. .aller th.. n that of t;~ ot'mr curves, and tnis 
slope persists uuch „„ttor at the hi^h pressures, whilo the lower 
to-poxöture curves flatten out and appear to r^ach a limiting density. 
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However, it has also been observed at higher pressures that in this 
75° pressing, much or the wax is lost fron tho explosive, and forcod 
out of tho mold. Such bohr.vior would result in B decreased wax 
contont, snd probably a ..oro sensitive shell filling, so wo believe 
that it is not to bo rooonnended, and hi vo me.do little furthor study 
of mixtures above tho molting point. 

b Tho Irregular Regions 

In both Figures 2 und 2, tho 20 and 30° curves appoar to 
oolong to a r~gular fairily, whilo tho 50° curves, abovo two or throo 
thousand pounds, t^nd to da.,art from this rogularity and fall off 
again. ..ctually tho dotted curvas of th«3o two figures correspond 
to regions of considerable experimental irregularity also; pullets 
appoar to be cracked, densities are vary difficult to reproduce, 
and tho centers of the pellet3 are markedly higher than tho edges. 
3uoh pellets were said to h. ve re-expandod, and several attempts to 
remedy t.iis re-oxpahsion wore attempted. Of thoM, the following 
were successful: 

(a) Cooling 

It was found that if pellets were pressed at 50° for 
ono minute, and then the mold cooled with ice us rapidly as possible, 
(this took bout 15 minutes) with the pressure on, thu cold pellet, 
when removed, showed none of tho re-expan3ion ^ffjets, whereas a 
pellot held under pressure for the sane length of time et 50° did 
exhibit the low density, cr« oka, and all the effects shown by the 
pellet! pressed for ono minute. It - as ooliuvod thet tho effect of 
cooling was tho hardening of tho wax to even an extent that the ro- 
oxpünsxon could not take plaoe« 

(b) lio-prossing 

It vas also found that if these re-expandod pellets 
were put back into the mold öfter .-bout 30 minutes, and ar3&in pressed 
for the same length of ti.o, . nd at tho same pressure ;nd temper:turc 
as before, their densities would rise ;o tho values ono would ex- 
pect from tho 20 and 30° curves; this rise in pressure could not bo 
achieved by pressing once ±or twice as long, of by pressing twice in 
rapid succession. The effect of re-pxeaslng is especially m:rkod in 
Figur0 4. where tuQ ro-e;:pansion seems to be more regular, but 
affoots even the 30° curve; the dotted curv.s la this Figuro are for 
tho ..e-prjssed pullets. Theso experiments in re-pressing led to tho 
boli^f that tne csuse of ro-oxp^.nsion was entrapped air; when the 
pellet waa allowed to stand ( this air gradually leaked out, .^aC  tho 
pellet, upon re-prassin^, would come ^-uch closer to its proper 
density. 

k mold »as therefore prepcrec' which en bled tho 
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operator to hold tho sample at roduced pressure (15 to IS nri.) for 
5*10 rainutos beforo applying the pressure Composition ~,s pressed 
in the vacuum mold showed no ro-expansion offsets; hence it was 
dooidod that systematic studies should begin with vacuum pressing, 
tli t the pressing at atmospheric pressure should follow, and that 
then the ro-oxpansion phenomenon could be isolated and studied by 
itself. 

(3) -Systematic Pressing of Pellets 

a Vacuum Pellets 

In ord-r to cover the runge of penetrations between 15 nd 
150, Composition ^.'s were Bad« up from four different waxes, jup^rla 
v;ax Yellow, 3rucoton 'wax £o. 10, bellow .African Beeswax and 95/5 
Gulf Patrowax *-.--lox 600, with the aid of whioh this entire i\.ngc 
could be covered within the temperature rang« of 25 to 40°. Pellets 
were pressed at a series of pressures and pe-ietr tions, the former 
being restricted to tho range between 2000 nd 10,000 pounds per 
square inoh, gjjgure 5 shows tho results of these pressing experi- 
ments presented US penet:.ation-density isob-rs. *-n iltenvtive 
method of presenting those results is to plot pressure-density curves 
at constant ponctr tion, 

is shown in jflauro 6. There is a tendency for 
tho curves to come very cloae together «t hi^h pressures and pene- 
trations, so th-t it has -oen necessary to change the spaoing of the 
curves from 5 units to 10, and finally to 50. This can bo eliminated, 
and the equivalent roles of tho pressure and tho penetration can best 
bo s ...own oj  drawing lines of constant density _.s in Figure 7.» This 
graph mulcos vury clear tue fact tnat taore are many combinations of 
pressure and penetration w. ich will lead to the same resulting den- 
sity* ...t t .e lower pressures and penetrations the curves are 
particularly simple, being praotically linear. ..t the higher pros«*- 
sures and penetrations, a limiting density is apparently being 
approached; 1,636 is tho highost value that has boon obtainod in 
this vacuum mold, -nd it soons doubtful if values bove 1.640 would 
be obtainod without goin-; to very much higher :pr.ssures, even though 
tho theoretical value of tha limiting density is 1.683, assuming 
th:t no wax is lost in pressing. 

b Ordinary Pellets 

Pellets were next pressed und-r conditions whioh duplicated 
as cloäely as possible t.iosc of the preceding section, «xoopt that 
the explosive was not ev^ou-tea before applying the pressure. Tho 
resulting densities are snown as u function of the penetration in 
ffifturo 8. whore toe solid curves are the curves for vacuum pressing 
taken from jTi&uro 5 for ooaparison. Tho irregularity of tho results 
is such that it was deemed best not to attei.pt to draw curves through 
the points; the dotted linos rre maroly intended to connect tho 
points for a given pressure, to avoid confusing them. The serious 
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Figur» 6. Pressure-Density Curve« at Constant 

Penetration; Ten-gram, 1", Vaouua-P>*e««ed Pellet«. 
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rü-uxpansion is seen to bo limitod a .'proximatoiy to tho region 
bounded by d s  1.60 end P ■ 30. 

It viould appear that tho ro-oxpansion offoots aro as groat 
und^r those conditions as they will -vor bo, because the x;alls of 
this mold aro vory smooth, offering little resistance to ro-oxpan- 
sion; the plungor fits very snugly, offering v~ry snail opportunity 
for air to escape; and the Composition k  itself has very porous 
grains, whloh probably contain much more entrapped air than the 
grains of harder material likj the British product. 

These results also show th.t for the higher pressures, 
increasing tho penetration (by raising the temperature, for example) 
will lead to deoroases i.i density, if tiio initial value of tho 
penetration is around 80 to 90 (seo th^ solid curves of Figure 4). 
out will lead to increases in density if the initial penetration is 
well below these values (such as is tau case in Figures 2 end 3). 
It is also clear from these results that the irregular parts or tho 
50° curvos of Figuros 2 and %  should bo confined to their hlgh- 
prossuro parts. 

It v;as hoped that tho re-expansion night be exprossiblo as 
a correction factor, which would bo a function of tho pressuro and 
ponotration, and had sinply to be addod to tha results of tho vaouum 
pellot curves. In view of tho irregularity of tho densities them- 
selves, when re-expansion occurs, it seems unwise to attempt to gift 
quantitative treatment to this re-expansion correction. It will bo 
clear from Figure 8 in «hat regions of pressure and penetration one 
may expect the effect to bo appreciable, and tho approximate oxtent 
of tho re-expansion may also bo estimated. 

c Tho .aiffect of Pellet Diameter 

To check tho effect of pellet diameter upon tho density of 
prossod pellets, some two ..nd threo-inch diamotor pellets have boon 
pressed. Tho following results s/.ow that tho density is apparently 
independent of tho diameter, but depends strongly on pellet length; 
pressure dploycd was 3000 psi. 

Dienetor Length B. Was tfo, lo 
20° C. 

2s' 2" 1.495 
2" 1" 1.522 
1« 1» 1.538 
1" 1/2" 1.542 
1!1 2» 1.499 
3'' 2» 

B.\,ax -o. 10 
30°C. 

1.534 
1.547 

Potrocono-C-Alox 
20°C.  

1.559 
1.591 
1.598 
1.608 
1.560 

It is h.rd to bu certain that various diameter nolii l re of equc.l 
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oloaranoo (see section o. following), but wo fool that within di- 
ameter variations from one to throe inchos thcro is shown no clear 
effect of diameter on density. The of foot of pellet length, on 
ths other hand, is unmistakable. 

d Tho effect of bellet Longth 

Pellets h^.Vo been pr«ssod in tho ono-inch mold at var- 
ious pressures und penetrations, in lengths varying botwoon 1/6" 
and about 2"; it is somewhat more convenient in practioo to vary 
toe weight of explosive pressed, than to vary th« length of the 
pallet. The results for one-inch pellets may be expressed as 
follows: 

(a) For pellets smaller than 10 g., tho density begins 
to decrease with dooroasing pellet woi^ht; this 
fact is of no special practi ->.al interest, beoauso 
such thin pellets would surely nevor be pressed in 
praotice. 

(b) The overall density for larger pellets may bo con- 
sidered as essentially those *ivon in Figure 6 for 
pellets between 10 and 15 grams. 

(oi Approximate values for the overall pellet densities 
of pallets larger tnan 15 g. may also be determined 
from the curves of Figure 6. by using instead of 
the actual press pressure an effective pressure p', 
given for a one-inch pellet of mass m by: 

P' 
-0.0135 (m - 15) 

Boeauso of tho diameter independence of pellet density, tho abOTQ 
3tatomonts also hold for any cylindrical mold of diamotor D, 
inches, if tno values of m ro replaced by m/D2 in tho equation, 
and 10D2 <-nd 15D2 g. replace 10 nd 15 g. la tho Soctions(e^ nd 
^ . bove. 

It should be noted that these simple relations hold only in tho 
absence of re-expansion, and tho calculutod densities ore to be 
considered .s upper limits undor conditions MttwY<3 tais phonom- 
enon is to Oo expected. 

The approximate "effective pressure" formula of Soction (c) abovo 
implies that «hen pellets are longer than bout 3/4"» t;io »▼afttgf 
effective pressure begins to d^clino with increasing length. 
When working with gage px^ssure—p^iietr tion combinations well 
:bovo the knee of the orossuro-donsity curves, tais declino in 
effectivo prosaura wili not 'x reflocted so readily in density 
decline as vvh^n one is working bolow tliw knee. 
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o Thw* Effect of Plun.^r Clear-nce 

k.hon pellets arc pressed in uolds other than thu one 
with which tho data of Figures 5. 6, 2 <-'na 8 wor^ obtained, a 
tendency to give densities higher than thoso prodiotod from thoso 
curves was aotod. It is folt th .t tnis is thw result of tho fact 
that thu plunger of tho vacuum mold was more tightly fitted than 
tho plungers of molds not dosipiv-d for evacuation. Tho data with 
a givon uold may bo brought into agreement with tho data of tho 
abovo-iacntionod curvos if tho prossing prcssuros are multipliod 
by a constant factor, characteristic of tho mold; this factor may 
bo roadily determined by pressing a few pallets, undor conditions 
of known ponotration, in tho mold. 

f Tho Jffoct of Time of Crossing 

Thoro has boon no systematic study of pellets pressed 
for differing lengths of time; all tho work cited euployed ono 
minute application of tho pressure. It is known that 10 g. 
pellets pressed for 10-soc. h..ve somewhat, lower densities than 
tho one-minute pullets, and that times in excess of one minuto 
will increase the density of pellets, especially tho longer 
pellets. It is believed that the results for times other than 
ono minuto would probably be brought into corrolction with tho 
one-minuto data by finding a multiplicative factor for each 
timo (unity for ono min.) w.aich would relate tho pr~ss pressuro 
and tho effective pressure to bo used in connection with curvos 
suoh as thoso of Figuro 6; 

g The affect of Grain Size of Explosive 

Experiments wero made on tho prossing of British Compos- 
ition A of varying gr^.in-sizos, at 20c and 6000 lb/in2. Unraillod 
particlos of the material, of size about 3/l6"D, and also mater- 
ial crushed in the mill and soreen^d woro used. Tho results wore: 

Unbilled 1.622 
on Tyl^r j,10 1.623 
On Tylor ;,-35, through ^20 1.618 
On U.S. „-100, through 

Tylor ,«'•35 1.619 
Through U.i. ,100 1.605 

Tho only sample which saovs e signifioantly largo drop in density 
is tho fine sample, and this may hvo contained uncoated RIX... 

h Th^ Effect of Consistency of the explosive Grains 

-%s mentioned previously, tho grains of British Compos- 
ition A aro -lorw coi^p .et c nd harder tnan th^ grains of material 
prop.rod in our 1 bor-.tory. Tho only result or this difference 
th t \i*  hvo bv-en . bl^ to observe surely is that the densities 
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decrease more rapidly for low pressures with the hard material 
tiian with tho soft, but ovon this offoot is small under condi- 
tions of pressure and temperature which yield densities .bovo 
1.50, so its practical importance is negligible. It was thought 
that thw harder . ad more compact grains might cause loss of tho 
ro-uxpansion trouble than the softer, more open grains, but thero 
seems to be actually no concrete evidence for this belief. 

i The Variation of Density Within a Pellet 

Up to this point wo h-vo concerned ourselves completely 
with the overall densities of pellets; lot us now considor tho 
variation of density along the length of cylindrical pollots. 
Tho consistency of the pressed m.-.torial is such th~t pollots can- 
not bo neatly sectioned, so charges were made up in ton-gram 
increments, hand-pressed into tho mold with a circular tin-foil 
separating diaphragm between eaoh incroment. Tho entire chargo 
was then pressed, and when removed from the mold, could bo sep- 
arated into ten-gram sections. These sections did not have 
plane faces, except whore thoj were in contr.ct with the plungers, 
so tiioir volumes wero determined by placing them in a containor 
of known volume, and filling the container With methanol from a 
burot. The pollots wore lightly coated with vaseline to avoid 
absorption of the liquid. Tho densities of such sections, as a 
function of their ..vorago distance, in cm., from tho moving 
plunger, are shown in iTi^uro 9,1 for various pressure-penetra- 
tion combinations. It is interesting to observo that for higher 
densities pressuro-penetr:tion combinations iving the samo 
overall density give also tho same depondanco of density upon 
length. Since these combinations lie in tie linear portions of 
the curves of ffigure 6. and since the curves of Figure 9 are 
also essentially linear, the results m^an that the offoctiva 
pressure within the mold is an exponentially decreasing func-- 
tionof tho distance from the moving plunger, in the first approx- 
imation. 

To determine radial variations in density of pressed Composition 
4 pellets, 2" diameter 1" high pellets of Composition 4 made 
with Bruceton 'nax Mo« 10 wore pressed to high density, and holes 
bored in tnem. The results follow: 

-.v. Density of 
Original Pollot 

Sizo of 
Hole Borod 

.KV. Density 
of Bored Pellet 

Chango in 
Av. Density 

1.6105 
1.6109 
1.6189 

1/2" 
3/41' 
X" 

1.6088 
1.6079 
1.6144 

-.0017 
-.0030 
-.0045 
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In prossing largo charges of Composition *.,  some difficulty 
jjiight bo oncountarod in the effect of tho way tho powdur is 
spread out in tho mold boforo prossing. To determine tho 
effect of non-uniform distribution of Composition A before 
pressing, a 2" pellet was pressed, with tho mold lying on 
its side. Tho weighed amount of Composition ... m-.de with 
Bruoeton Max No. 10 w:.s put into tho 2" mold, and the plung- 
or put in until it just touchod the surface of tho powder. 
Knowing tho length of mold and plunger, tho volume of un- 
prosscd powdor was determined. Tho pi ngcr was then pullod 
up far enough out of the mold to give an oqual froo volume 
Tho mold «of then turnod on its side so th t tho powdor 
could flow down, and concentrate on ono side of tho mold. 
Two pellets wore prossod this way. Tho bottom side of the 
pullet was marked after prossing. Tho ovoiall densities of 
tho pellets wore measured, and then the pollets woro cut in 
half, separating tho top and bottom suctions. Both sections 
were sanded down, measured geometrically and their densities 
determined, With the following results: 

5.000 psi.  10.000 psi. 

Overall density 
Density of top half 
Density of bottom half 

1.5570 
1.5539 
1.5525 

1.6107 
1.5988 
1.6092 

In neither caso does thoro appear to bo a significant donsity 
difference botwoon th~ two halves, though the irrugularity in 
powder distribution was great. 

(•k) Shell Loading with Composition A 

a Loading Liothod 

Tho base of a 37 mm. I-63 "'loll was provided with 
an adaptor to hold Q O.Ü'82"D plunger; . support for tho noso 
to hold the assembly upright in the vertical press, and an 
oloctrically heated vator bath to control the temperature 
completed tho loading equipment. Explosive was loadod into 
tho shwill-^dapter assembly, thv, unit was brought slowly up 
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to tho desired toriparaturo, hold thoro for 15 miautos, and 
then pressed for one minuto. Tho explosive was loadod in 
two and throe inoromontsf und at various pressures and 
temperatures. 

The weight of the inoroment w~s deterninod by weighing tho 
shell before and after tho addition; the volume was meas- 
ured by determining the free volume with methanol added 
from a burot, .nd subtracting this from the total volume of 
tao cavity.. 3holl fillings were also pressed in whioh the 
last increment was prossod with a plungor tippod with a 
boostor-oavity former; tho booster envitios formed in this 
way wero strikingly sharp and clean, and the uso of such a 
tip for the last increment has no bad effect on tho overall 
density. 

Unfortunately, the sizos of tho increments woro not always 
kept quite constant, so thet it is not easy to discuss tho 
densities of the various increments separately. :.s would 
bo expected, the densities of the increments pressed in the 
o&ival portion of tho cavity -*ro abnormally low, and tho 
densities of tne increments pressed in tho cylindrical por- 
tion of the cavity are ..bout normal. There seems to be less 
tendency for the filler to re-expand i.i the shells th .a in 
tho smooth cylinder olds, .no above the melting-point of 
tho wax its tendency to exude during pressing seems also to 
be less. 

b Interpretation of Results 

The overall density of tho filling of a sholl 
aay bo predicted at any press pressure r.nd ponotrntion, for 
any given number :nd weight of increments, if the overall 
density is known for this pressing schedule at ono prossuro 
and penetration, or, better, if it is known for  few com- 
binations of pressure nd penetration. This correlation 
gain employs -figure 6, :nd is cort inly approximately cor- 

rect. .. s.aell is pressed :t a definito press pressure p tnd 
a defi-iitu penetration P, according to a fixed schedule — 
number aid Weight of increments, time, etc.—yielding an 
overall density d. Heferonco is tnen m::do to Figuro 6. and 
tiie proesuro p' corresponding to tho donsity d end tho pene- 
tration P is detominod. The ratio p'/Pi *«iOli will in 
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general be less than unity is a constant characteristic of 
tho pressing schedule and the shape of the shell cavity. 
The valuo of this constant for tho 37 ram. shell, loaded 
with a first increment of 29 g., pressed one minute with a 
flat plunger and a second increment of 20 g., pressed for 
one minute with tho tipped plunger, is 0.580. For tho seme 
sholl loadod vith a first inorcment of 16-1/2 g., a second 
increment of the some size, each pressed for one minute with 
a flat plunger, end a third increment of 17 g. pressed for 
ono minute with the tipped plunger, the value of the constant 
is 0.760. The value of this constant could be further in- 
creased by increasing the number of increments, or by in- 
creasing the time of pressing each increment, but it can 
probably not bo made as greet as unity« 

Unfortunately, much of the shell pressing was done early in 
tho course of this study, at temperatures outside the rango 
in which tho penetrations have been measured; accordingly, 
there is not abundant evidence to supr^rt tho statements of 
the above paragraph in a striking fashion. The curves of 
Figur0 10 represent tho overall densities for two-increment 
pressings at various temperatures and pressures. Besido tho 
scale of p, the scale of p' is also shown, and the solid 
curves joining the experimental points are members of tho 
family of Figure 6, on tho p» scalo. 

Soue shell pressing has also boon done at 10 sec, instead 
of our regular time of one minute, and lover densities havo 
bocn found; a slight increase in the pressure would, however, 
be enough to bring them up to the one-minute values. 

(5) Effects of Rolling on Pressing; Characteristics 

These studies were all made vdth samples of Composition A, 
and no detailed comparisons of the pressing properties of 
Composition A and Camposition A-3 have been made. A good 
many samples of the latter have been prsssed from time to time, 
and it is our belief that although slightly lover densities aro 
obtained with unrolled products, the general relations are 
not much altered so long as the 3EK is veil  coated. Poorly 
coated unrolled products, however, give abnormally low 
densities and very weak pellets. 
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(6) dtlaklaoas of Comjosition <k 

It has boon noticed both in  Nuvy Sholl loading and also 
in tho 1-bor-tory (particularly with tho 3tokos pollot-pross) 
that, especially during warm weather, hero is 2 tendency 
for Composition /v to stick to dies, mold-walls, ..nd booster- 
formers. This tendency is rel tod to tho stickiness und to 
tho softness of tho wax. i^o thorough study hr,s been made of 
this imttor, but it suggests the value of choosing for Com- 
position A. ;,axos which are not sticky, nd which h: vo r:.thor 
low ponotr- tions. Alox-600 increases the penetration : nd 
stickiness of waxes; .ccordingly, it seems wise to reduce tho 
ülox content, which \.as chosen originally ...s 10'' in a com- 
pletely arbitrary mannor, to the lowest lovol which f3ivos 
suitable costing properties; one percent seons adoquato. Tho 
wet coating of Composition A with graphite night ^.lso re- 
duce stickiness. 

.- *-.,i» ."'j'-'ur'', 

4.;   " ,5 ; 

s ' '-y■■>«,;   ' * 

•>-0;' •i>,*r-. 

',-i '*.".'• Ä5 
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4« Explosive Properties of Composition A 

(1) Sensitivity 

a. Effects of the Properties of the Wag on Sensitivity 

Early investigations of waxes as substitutes for beeswax In 
Composition A, in which the relatively irreproducible Type 4 
Impact Machine was mainly employed as the method for assessing 
degree of desensitization, created the impression that of a 
series of petroleum-base waxes of similar physical properties, 
some were, while some were not good desensitizers. It is 
probably not unfair to state that the ten waxes recommended in 
OSRD Report No. 313 were chosen from many studied in large part 
because they were believed to be particularly effective 
desensitizers. VJe now largely reject this concept of specifically 
high desensitizing ability, unrelated to gross physical properties, 
and feel that any wax having a penetration suited to pressing 
operations, proper stability characteristics when mixed with 
RDX, and the ability to coat well from water will also be a 
suitaole desensitlzer. Subtle differences In desensitizing action 
may yet exist among waxes of similar apparent physical properties; 
such differences are precisely the ones which are very difficult 
to assess with certainty?/» At least it seems unwise to 
conclude that a certain wax is highly superior to other 
similar ones unless this can oe demonstrated by a number of 
different sensitivity tests - in other words, the basic 
assumption that waxes are alike in this respect seems to us 
more reasonable and more fruitful than the opposite assumption 
that their desensitizing abilities may vary capriciously« 
Examples of impact and bullet-test results of Composition A 
samples made with various waxes of suitable penetration and 
under circumstances in which good covering of the RDX was 
aohieved are given below: 

2/ See Picatinny Arsenal Technical Report No. 1489, for 
relative desensitizing action of two waxes on PETN. 
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Prop-Weight Impact Teats-Composition A 

Wax 

10/ 

50$ Pt(cm); Type 4   Index; Type 6 

Beeswax 
Bruceton lax  No. 10 
Petrocene C - Alox 600 
GPD-702-C* - Alox 600 
Gulf Petrowax B - Alox 600 
Gulf Petrowax A - Alox 600 
Cerese 7/ax Brown - Alox 600 
Product 230CHS- 
Product 300O5H* 

TNT (control) 

tt Socony-Vacuum Oil Co« 
#* Moore and Munger 

Cffo  at 100 87 
28$ at 100 87 
0% at 100 ■ 121 

94 90 
09g at 100 109 

20% at 100 107 
98 115 

33# at 100 107 
5$  at 100 94 

at 100 108 

Wax 

Drop-Weight Impact Testa-Composition A-5 

50# Pt(cm);  Type 12 

Beeswax 
Bruceton Wax No«  10 
Petrowax A - Alox 600 
Beesv/ax (British Rolled 3ample) 

75 
75 
69 
70 

12/ 
OSRD No.  5744 
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Bullet Teata - Comp. A 

Loaded at denalty 1.0 In 1" p.n. Cal. 0.30 Ball 

No. Triala    Reault 

Beeswax 
Bruceton Wax No. 10 
Victory Wax - Alox 600 
Petrocene C - Alox 600 
Petrowax A - Alox 600 
Barnsdall Special Wax, Amber-Alox 600 
Esso Deoiled Petrolatum - Alox 600 
Paraffin - Alox 600 
Petrocene C ■» Lanolin 
Petrowax A - Lanolin 
Standard Refined Wax - Alox 600 
Stanolind 160/65 - Alox 600 
TNT (control) 

nations- 
Test results of this sort have caused us tentatively to accept 
the notion that if a wax is otherwise suitable for Composition A, ; 
its desensitizing action will oe adequate. >. 

5 5 inert 
14 14 inert 
10 10 inert 
5 5 inert 
4 4 inert 
4 4 inert 
4 4 inert 
4 4 inert 
5 5 inert 
5 5 inert 

10 10 inert 
10 10 inert 
15 10 inert 

5 dato* 

b. Comparison with other Explosives 

Composition A is rather unlike such materials as TNT and 
Ammonium Picrate, both in physical properties and also in being 
composed of a large amount of sensitive material plus a relatively 
small amount of desensitizer. Tliese differences make it hard to 
obtain unique sensitivity orderings for Composition A and such 
other explosives under varied conditions of impact. 

(a) Drop-A" eight Impact Tests 

There are now available, in the preliminary results of the U.S. 
Navy Comparison Series of Impact Tests, test-results for a 
uniform sample of Composition A-3 tested by several laboratories 
on machines of their own designs. These results, and several 
others from ERL machines are presented in the following taole;   i 
for each machine the relative 50ji Points (TNT « 100) are given: 

I 
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V achine 

«Zxploslve duPont, 
Cup. 

N.P.F.« Hercules 
Type 5 

N.R.C. 
Canada 

ERL 
Type 
12 

ERL 
Type 
7 

ERL 
Type 
9 

147 

Average 

Ammonium 
Pic rate 98 47 65 100 144 187 113 
Comp. A. 
TNT 
Te tryl 

86 
100 
65 

83 
100 
28 

54 
100 
42 

293 
100 
37 

44 
100 
22 

97 
100 
62 

91 
100 
60 

107 
Too" 
~4T 

♦•Naval Powder Factory,  Indian Head,  Md. 

These average values will not be greatly changed by omitting any 
one result,  except that of the YllC,  Canada, which gives  so high a 
value  for Composition A.    Omitting this  se*-,   the order beopa*»: 

Ammonium Pi crate - 115_ 
TNT - 100 
Composition A -    7_5 
Te tryl -    ~4& 

It see.ns fair to conclude generally from these  tests  that Composition 
A is  on the  average more  sensitive   than Ammonium Picrata  and less 
sensitive  than Tetryl.    Under most conditions  it seems  some ./hat 
more  sausitive  than TNT,   but  at least under the  condition ox1 impact 
obtaining in the Canadian Machine  it may behave less  sensitively 
than T.-TT. 

(b)    gullet Impact Testa 

Tested at density 1.0 in 1" pipe-nipples, with Cal.  0*30,  Ball, 
' M2 ammunition, Composition A compares with TNT and Ammonium Picrate 
in the following way: 

Explosive 

Ammonium Fierate 
Composition A 
TNT 

No. Trials   %  Inert   # High Order Pet« 

11 
59 
15 

100 
100 
67 

0 
0 

33 

Under these circumstances also, as in the NRC, Canada, drop-weight 
test, Composition A is less sanaitive than TNT. The test does not 
make any differentiation betwaen Composition A and Ammonium Picrate. 
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(c) Booster Sensitivity Test 

5ii/ The booster sensitivity testü* gives the following results and 
order of increasing sensitivity for pressed charges at density 1.6, 

Explosive 

Ammonium Picrate 
Composition A 
THT 
Tetryl 

Limiting Boosters» 

5//20+2 I 5+2//20+3 

20+2 
15+2 

15+2 
10+2 

«Tie notation 5//20+2 means, for example, that the 
explosive detonated witn. a 5 g. Tetryl booster, but 
failed with a 20 g. Tetryl booster separated from the 
charge by 2 cm« of Aerawax B. 

0n the, other..hand» TNT pellets of density 1.6 were not detonated 
by a duPont No. 8 Tetryl-base detonator set with base flush v/ith 
the pellet surface, while under similar circumstances Composition A 
pellets often detonated.  It is felt that Composition A, with its 
highly sensitive RDX crystals, might well be more sonsitive than 
TNT to the attack of this deton&tor, which is a small shaped charge, 
whereas it is less sensitive to the attack of the members of the 
graded booster series, which throw no small, fast metal particles. 

(d) Large Scale Results 

Plate-tests of Composition A-3 loaded A.P. shell have been made 
by the U.S. Navy. The details of these tests are not known to us, 
but it has been reported that whereas the 3" shell, so loaded, 
passed the plate-tests, the 6" shell failed. These results show 
that Composition A is more 3jnsitive than Ammonium Picrate under 
these conditions. Mass detonation (sympathetic detonation) trials 
with the Composition A-3 loaded 5''-38 A.A. shell show that such 
shell detonate en masse under circumstances under which the same 
shell loaded with Ammonium Picratu do not. This result is to be 
related not only to the apparently higher booster-sensitivity of 
Composition A-3, but also to the higher performance of the 
explosive, which provides much greater impulse to mass detonation. 
Comparisons with TNT are hard to make, because it is usually cast* 
loaded in such shell, and in order to draw conclusions from full- 
scale trials which should be expected to correlate with small-scale 
ones, one mu3t make allowances for this difference in loading; how 
ln-jjejbajjL_tg make auch allowances la not now known. , 
a/ 

See OSRD No. 5746 for details. 
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(ö)    Conclusions 

The  various   tests which have  ooen cited make  it fairly clear  that 
in general Composition A is a dofinitely more sensitive explosive 
than AziRionium Picrate,  but  is definitely more  insensitive  than 
Tetryl.     It differs basically from pure-compound explosives,  however, 
as  a consequence  of which (at loast in part)  it displays under 
certain conditions greater,  and undor other conditions less 
sensitivity than TNT. 

(2)    Performance 

Although Composition A is  in roughly the  same  sensitivity class  as 
TNT,   and gruatly loss sensitivo  than Totryl,   it outperforms  them 
both in all small-scale   tests wo have made.     The following /are 
representative values, of. o ur laboratory, measure of performance^/. 

Explosive Ballistic 
Mortar 
(T.V.) 

Relative 
Bnsance 

dens.  (T.V.) 

Relative    Velocity of 
Fragment Vel.  Detonation 
dens.  (T.V.) dens. V(m/seo) 

Ammonium Picrate 99 
TNT 100 
Composition A   135 
Totryl 130 

1.602 100 
1.611 126. 
1.532 115 

1.580 
1.608 

100 
108 

1.55 
1.60 
1.60 
1.55 

7050 
6850 
C200 
7375 

«This vuluo is not known, but the value 100 has been obtained 
for Picratol, 52/48; hence the value for Ammonium Picrate 
at high density must be near 100 also. 

Brisance as measured by the platu-denting test, the fragment 
velocities, and the rate of aotoiution all depend upon density. 
In the previous table we cite the densities at which these data 
were determined. Uith respect to TNT, the two explosives ijiLaonium 
Picrato and Composition A (each suitablo only for prossrloading) 
occupy complementary, not similar, positions« Ammonium Picrate is 
similar to TNT in performance, but oxceods it in insensitivity; 
Composition A is similar to TNT in sensitivity, but exceeds it 
in performance Composition A displays both higher performance 
and greater insensitivity than Tetryl. 

12/ 
See OSRD Report No. 5746 i'or further details of these tests. 
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«5« Stability of Composition A 

(1) Chomical Stability 

All soriously-considerod exparioiuntal Composition A samples have 
been subjected to routine 135»C Thermal Stability and 120°C Vacuum 
Stability Tests« No samples nave been acid within 300 minutes 
in the forraor. All samples madü with petroleum-base waxes 
have shov/n very satis factory Vacuum Stability at 120<>c; as 
remarked in OSRD Iteport No. 31bt  p. 11, most samples display a 
Vacuum Stability about that of pure KDX. Synthetic waxes do not, 
however, have the chemical uniformity of petroleum waxes; some 
do and souio do not form as stable mixtures with KDX as the 
petroleum waxes« Typical results are the following: 

Vacuum Stability Tests; Composition A 

c.c. gas evolved at 120«C 

Wax 

Petroleum Waxes 

Victory V/ax 

Stanolind 170/75-Alox (10#) 

Black Aristowax-Alox (10$) 

Aristowax-Alox (Br. Wax No. 10) 

Aristowax-Lanolin (lofo) 

Synthetic Waxes 

Olyco //ax A - Alox (1$) 

^TL/co ./ax A ♦ b%  Stearamide7-Alox (10^) 0^61 

Acrawax 3 - Alox (1%)* 

Carbowax 6000 

Caroowax 6000 

«It has already been pointed out In Picatinny Arsenal Technical 
Report No. 1487 (Jan. 1945) that the Acre axes are incompatible 
with RDX. 

90 minutes 48 hours 

0.28 0.48 
0.52 0.30 
0.78 0,87 
0.51 0.58 
0.32 0.70 
0.54 0.73 
0.09 1,05 
0.14 1.03 
0.48 0.35 
0.45 0.S7 

0.57 0.70 
. 0.70 0.30 

0#) 0.61 0.74 
0.65 0.88 
0,85 9.40 
0.93 over 12 
4.18 over 12 
4.17 <24 hours 

at 100°C 
2.28 8.35 
2.30 over 12 
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(2) Corrosion 

Corrosion tosts (compatibility tests with brass and steel 
in a humid atmosphere) of Composition A were reported in 
03RD Report No. 397. No others have been made. It has 
boon ooservod that stearic acid, as an additive to waxes, 
reacts with brass and colors the oxplosive green» Beeswax 
does this also without additives. 

(3) Exudation 

One of the more difficult properties of an RDX-wax mixture 
to measure and interpret is its behavior on hot storage, 
its so-callod exudation. Tne numerical values obtained for 
percent of wax lost after varying periods of storage at any- 
given temperature have only relative significance, being 
used merely to determine the relative merit of the waxes 
tested. It is not known tnat oven waxes which appear, by 
such comparison, to be very poor in the laboratory will not 
be satisfactory when loaded into an actual munition, since 
no full scale test has ever boon run.  It is believed, 
however, that loss of low aelting wax or oil at elevated 
temperatures might have sorious results. ^Thile it is doubt- 
ful whether any of tho wax can leak out of the loaded shell, 
it is possible, sinco some 5>'i voids exist oven in a fairly 
food pressed load, that tho wax or some part of the wax may 
low away from some of the OX leaving one or more areas 

in the mass of explosive with luss than tho amount of wax 
nocessary for adoquato desjnsitization. Such high RDX-low 
wax areas would be more sensitive, and might cause premature 
detonation of the shell. 

Aside from considerations of effectiveness in desensitizing, 
the selection, in 1942, of ieeswax substitutes from the many 
available petroleum waxes was based mainly on the exudation 
results (OoRD Report No. 397). Since that time, the object 
of such exudation investigations at this laboratory have 
boon to find the best possible wax from the standpoint of 
exudation, rather than one which will merely match Beeswax« 
All of the original exudation tests as described in 06RD 
Report 397 wore done at 50°C \.ith 5 g samples enclosed in 
glass weighing bottles.  Since that time, it has been found 
convenient to use 10 g sample, 1" in diameter, and since no 
difference was observed whether tho sample was enclosed 
in a weighing bottle or not, all samples were stored in 
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tho open. Iloreover, experience in tropical storage of 
munitions has led to interest in behavior at higher 
temper*tures; 60°C has been sug ested as a standard test- 
temperature, and is now so used by us. 

a» Procedure 

10 g of Composition A are pressed in a 1" mold at 10,000 
psi.     The end of  the resulting pellet which was next to tho 
moving plunger is sanded until it is perfectly flat.    Tho 
pellet is weighed,   and then with the  smoothed surface  down, 
is placed on 10 pieces  of filter paper 1-1/2"  in diameter. 
A 75 g brass v/.jight,  1"  in diameter,   is placed on top to 
insuro  30od contact betwjun  the  pellet and paper.     The whole 
assembly is  then placed on a wire  scroon and stored in a 
forced-draft ovon at  60oc.    TLie pellet is  romovod and 
weighed after 3 days,   1 week,  2 weeks,   5 weeks  and 12 weeks. 
The rosults  are expressed as percent of wax lost. 

b.     Results 

Recent exudation studios have revealed two very important 
facts:  (a) decreasing the Alox content from 10$ to 1% 
cuts the exudation; (b) the Aristowax 160/65 now boing 
produced is considerably i.u\-nor, from the standpoint of 
exudation, to the Aristowax 160/65 recommended by this 
laboratory in 1942; other wx-iwS oxist which are superior 
in this rospect to current production Aristowax. 

The following Table deiionstr^.tos, by som>j typical examples, 
tho effect upon exudation of lowering tho content of 
Alox 600. 

Wax Percent Wax Lost;  2 wooks 
at 60°C. 

10g Alox Vfo Alox 

Current Production Aristowax: 

Sample 1 
Sample 2 

Supjr Gem Amber c i 
Glyco-Wax*-A' / 5%~Stea*aaide 

8.6 
5.2 
2.4 
2.0 

5.5 
3.7 
1.3 
0.9 
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Figuro 11 shows  tho exudation at 60<>C  of Composition A 
poTlots made with 1$ Alox and various waxjs,   as a function 
of storage time in days.    Shots particular tosts wore 
carried up to 35 days.    Tho   difference between valuos 
obtained with "Old Aristowax," part of a 500 lb. lot 
received in 1942 from tho Union Oil Co.,   and with currant 
üristowaxos   (tho  average rosults obtained with four different 
lots recoivod during 1945)  is very largo  - much groatar 
than variations among currant lots.    Indaad tho  old sainpla 
is  to bo  classad among tha oottor,  and  tha  currant samples 
aiaon.5 tho pooror waxas from tho  standpoint of exudation. 
Aiaon^ wax^s procured during lfe<.o,   the  one  outstanding in 
excellence  is Stanolind 17D-75  (another Stanolind Wax, 
Stanolind 160-65 is, howovor,  quite poor;  the  two  should 
not bo confusod  ).   On short-time  storage,  tho Tank Bottom 
Wax, Super Gora Amber,  also shows very low exudation,  but 
beyond about two weeks it ojcomos poorer than Stanolind 
170-75. 

A few tests  at 65°C,  with wax«s,   in general, which ware 
very 30od at 60«C, gavo  tha  following results  (1$ Alox 
600 used in all cases): 

•7ax 

Glyco-Wax A 
Glyeo-Wax A + 5^ Stoaramido 
Super Gem Amber 
Stanolind 170-75 
Currunt Aristowax 

Percent*. Wax Lost; 
65oC,   5 days  

15.6 
12.3 
1.8 
0.3 

11.5 

Thus, even at this temperature, Stanolind 170-75 gives 
remarkably small exudation. 

In tha course of this report, it has been shown that tho 
properties of tha wax are of sr^at importance for tha 
final properties of Composition h.;  in particular, tho 
oiling characteristics, pressing properties, chemical 
stuoility, and oxudation djp-nd strikingly upon properties 
of tho desensitizing wax.  It i3 imperativ« that waxes can 
be specified that will ensur.; to the finished products tho 
propertius desired. Moreover, './axes are used in other 
explosives, where other properties aro, perhaps, required. 
Bocauso of tho mujnitudo of this problem - wax testing and 
wax specifications - it is bein^ treatod in a soparato 
report, as 0SRD No. 5633. 
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6• Vorients of Composition A 

(1) Aluminizod Composition A 

An RDXJYax- Aluminum mixturo called Aluminizod Composition 
A has boon described in Division 8 Intorim Roports PT-21, 
p. 10, ff, and PT-22, p. 14. This matorial has tho 
composition 73/9/18 RDX-VJax-Al, and has buon satisfactorily 
made by oiling tho 7 3 parts of UDX in slurry with 7 parts 
of wax, adding tho aluminum whon tho waxed ItDX is v/oll 
grained, and finally, when tho grains have boon coatod 
with aluminum, adding tho remaining 2 . nrts of wax, Tho 
wot product is thon dried like Composition A-3. 

a. Sonsitivlty 

Tho following Tablos summarizo tho available sensitivity 
tosts: 

Drop-Yifoi^iit Impact Tosts 

Explosive 

Composition A-3 
Aluminizod Comp. A 
Tritonal, 80/20 

50$£ poi.it (cm) 
Typo 12  

30 
62 

138 

50$ point (cm) 
Typo 13 

218 
171 
140 

flullot-Impaot Tosts;  Cal.  0.30, Ball, m2;  1" pipe nipples 

lüxplosivo No.    NE    EP    E      EC 

Comp. A-3  (d ss 1.6) 
Aluminizod Comp.  A   (d = 1.6) 11      10      1    - 
Tritonal 6ö/l5  (d = 1,6) 

Comp. A-3   (d ■ 1.0) 
Aluminizod Comp. A   (d = 1.1) 
Tritonal 85/L5  (d ■ 1.0) 

10 
11 
10 

10 
10 
10 

59 59 
10 

3 
*■■» —     10    - 

•   . 

It is clv.ar that oach tost r^v^als sei itization of Comp. A 
by tho aluminum addition, out how tho aluminizod product 
comparos, say, with Tritonal is not mado cluar. Tho 
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bullet-test and the Type 13 Drop-Test suggest the 
Aluminized Comp. A to be less sensitive, while the Type IS 
Drop-Test suggests that Aluminized Oomp, A is more 
sensitive than Tritonal. 

b. Performance 

The following are results of laboratory measures of 
performance 1 

Ballistic 
Mortar 
(T.V. 

Relative    Relative 
Brisanoe   Fragment Vel. 

dens. ^T.V.) dens. (T.V. 

Velocity of 
Detonation 

dens. V 
 .(m/sec] 

Oomp. A-3 
Alz'd Comp. A 

o. Pressing 

135 
142 

1.611 
1.719 

126 
110 

1.608   108  1.60 8200 
1.696   113 • 1.70 7800 

This material is very easy to press, giving less trouble 
with sticking and as good or better percent voids than 
Composition A under similar pressing conditions. 

(2) 12ft Composition A 

Because of the failure of the 6" A.P. shell to pass the 
Navy Plate Test when loaded with Composition A, and more 
particularly because of the failure of -he 5" - 38 A.A. 
shell, so loaded, to pass the mass detonation tests, we 
nave been requested to make a brief study of a 86/12 
RDX-Wax mixture. 

a. Preparation 

Such a mixture can ready be prepared like Composition A-3, 
by adding v.ax in water slurry. Somewhat larger grains are 
obtained unless conditions are altered to avoid this. 
Ultraviolet examination reveals good coatings. With this 
material there seems to be a tendency to lose even greater 
percentages of wax in hot storage then from regular 
Composition A-3; the use of waxes such as Stanolind 170-75 
is especially desirable in making this product. 

b. Pressing Properties 

No extensive study of this matter has been made, but the 
following results were obtained using Stanolind 170-75 
and 1% Alox 600. 
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Proasure 

3000 
6000 

10000 
15000 

\2tf> Coup* A 
Penalty 

1.45 
1.50 
1.54 
1.56 

9j£    Comp. A 
Donalty 

1.44 
1.52 
1.57 
1.59 

The differoncos aro about accounted for by tho difference 
In density of tho mixturoa. 

o. Sunsitlvlty 

Since this mixture was requested in tho hope that it night 
pass spocific tests, those tests will deeido whether its 
aensitivity is low enough. The Typo 12 machine gives 50$ 
Points in cm of 80 and 108 for 9 and 12$ Comp» A* respective* 
ly. 

d» Performance 

Performance testa results availablo aro summarized below: 

Explosive 

Composition A-3 
12$ Composition A 

Ballistic 
Mortar 
(T.V.) 

135 
132 

Rolativo Volocity of 
Fragment:Velocity    Detonation 
dens.     (T.V.)      dens. V(m/see) 

1.608 
1.566 

108 
109 

1.60 
1.585 

8200 
3240 

In no case is tho doclino in performance groat;  indood in 
fragment volocity and detonation volocity the roportod 
valuüS happen to be highor for tho 12$ Composition A. 

(3)    Composition A - KNO3 Mixtures 

Such mixtures have been studied as  shell-fillers  to glvo 
whito burst.    All work done  in this laboratory has boon 
eollocted in Division 8 Intjrim Report PT-36,  p.  11»   and 
neod not bo repeated hero» 
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